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Meetings and Purpose

* Kickoff Meeting (Mar. 4)

TRC #1 (Sept. 2): model development overview, plus schematic review

TRC #2 (Oct. 5): review inflows

TRC #3 (Nov.12): review basecase run results (including inflows and operating logic)

Model Overview [today]: provide model overview, applications of model, and results

Training (mid-Jan): virtual demonstration of OASIS model and scenarios
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NC DWR Basin-Wide Modeling Initiative
(Shown to YPDWMG in Nov.2016)
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CHEOPS model in Catawba; OASIS model elsewhere. First DWR basin model was in the 1970s for the Yadkin Capacity Use Area Study.
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Major Modeling and Water Use Assessment in the Yadkin

* Relicensing

* Yadkin Project: Alcoa (APGI) early 2000s; new license issued in 2017 to now Cube Hydro Carolinas. OASIS developed by HydroLogics (now Hazen)
* Yadkin-Pee Dee Project: Progress Energy mid 2000s; new license issued in 2015 to now Duke Energy. CHEOPS developed by DTA (now HDR).

* IBT Permitting
5 a FIGURE 2-1
* Concord/Kannapolis: OASIS used by NC DWR. A Sty FROJECT SCHEMATIC.*

* Union County: CHEOPS used by HDR. Rl = 3850
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Major Modeling and Water Use Assessment in the Yadkin (cont’d.)

Yadkin-Pee Dee Water |~ ~— “ a0
Use s R
- Water Use Study - 2014 | A ‘

o Part of Union County IBT process o

o Basin-wide projections (W. Kerr Scott \“”“”" g
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o 2010-2012 (base) to 2060
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o Part of Water Resources Plan
development
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Schematic Detail
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Classic OASIS
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New OASIS
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Refinements with YPDL OASIS Model*

* Inflow dataset
* Relies on longer inflow record to capture additional droughts

* Uses many more gages in the basin (made possible by extensive data unimpairment), including key gages on the mainstem (Yadkin
College, High Rock, and Rockingham), plus inflows derived from historic operating data for Kerr Scott and High Rock

* Ensures a monthly match with unregulated gage flows
* Automated update to keep inflows current and allow for operations and real-time forecasting

* Ag water use developed explicitly around water use needs of certain crops relative to rainfall and needs of livestock
* Future demands can be updated automatically as crop patterns and livestock counts change

* Tracking the flow of water
* Extensive interconnections (regular, emergency, and/or IBTs) provided

* Automated safe yield routines
* Switch to turn on and off all drought plans, including LIP

* Automated demand adjustment (uniformly applied to all demand nodes)
* WW returns linked to demand nodes get adjusted automatically

* Common to all OASIS models for NC basins
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Uses of the Model

* Water budgeting (supply and demand) for all significant users, over a long, fully unimpaired
inflow record

* Prior models did not capture this level of detail, including interconnections

* Example: Monroe is one of dozens of systems that can now be evaluated,
capturing the critical droughts of record for each (for Monroe, 1950-51)

Net Precipitation/Evaporation

Loss

L (MGD)
 Stored Water
S(Me)

Flow Out of Reservoir
0, (MGD)

Reservoir Inflows
I, (MGD)

Demand
D, (MGD)

S$;=S.1+l, -D,-L—0O, whereS,, =yesterday’s storage




Uses of the Model (cont’d.)

* Drought plan assessment
* Develop improved operating rules, including probability-based drought triggers

* Drought exercises for the YPDWMG
* Impacts of interbasin transfers
* Planning and operations of facilities (including hydro)
* Ecological flow impacts
* Forecasting of inflows and reservoir storage

* Impacts of reservoir rule curves and storage on downstream flows
* Not a hydraulic model, but can be used for assessing flood control benefits

* Note: routing provided to improve flow estimation to High Rock (based on one day lag of Kerr Scott change in storage) and South Carolina Pee Dee
gage (based on two day lag from Rockingham)

* Generally, routing is not needed because of significant local resolution in inflows due to wide network of gaging stations used in inflow development




Simulation Over Historic Inflow Record
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Forecast Run — Storage Projection Sample
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Uses of the Model
of Interest to the YPDWMG

Table 1-1. Selected scenarios for further analysis

Scenano Category Scenano
Climate/ Environmenital 1. Drought reduces supply
Shifts
2. Storms become more infrequent and intenss
3. Increase in sedimentation decreases reservoir storage and/or
resinicts intakes
General Policy Shift 4, Mew policy or regulation requires an increased quality of
wasiewater discharge (2.g. High Rock Lake Mutriznt Management)
5. W. Karr Scott Reservoir revised flow protocol
£, Mew regulation’ policy requires an increase in the price of water,
which decreases demand
Industrial 7. Increase in industry wastewater production (Ex. Pouliny
processing), resulting in degraded water guality
Public Behavioral Shifts 5. Increased population growth within the region, which increases

demand

9. Increased regionalization as people move to urban centers and
become less reliant on well water, which increasss demand

10, Changes to IBT, which allows more water to leave the basin

Table 1-2. SAC Selected scenarios for further analysis

Scenano
1. Reduciion in forested land could lead to an increase of runoff of
nutrients and contaminants

Scenano Category
Land Use Change

Climate/ Environmental 2. Increase in peak storm flows carry more sediment and nutrients
Shifts

3. Evaluate the potential for improving the flood management
capabilities to mitigate the impacts of fulure flooding throughout the
Basin {including South Carofina)




Uses Could Include Other Scenarios Considered Before

* Union County IBT analysis by HDR

Q
Q
Q

Mo additional IBT for Union County's YREWSP

Future (Year 2050) basin-wide water demands (withdrawals/retums)

Includes future impact of climate change in future years resulting in an increased
temperature of 2.3 deg F (0.6 deg F increase per decade) and lake surface
evaporation increases of 7.8% (equivalent to an increase of 2% per decade), as
compared to the 2012 baseline. This impact is consistent with the climate change
impact considerad by the Catawba-Wateree Water Management Group in
preparation of the Catawba-Wateree Water Supply Master Plan baseline
planning scenario, and is consistent with modeled climate change scenarios for
this region of the United States.

81-2012 (Alternative 1-2012)

Q

23 mgd {maximum month daily average demand (MMDD)) IBET (net) from Pee

Dee River, withdrawn at Lake Tillery

Current (Year 2012) basin-wide water demand (withdrawalsireturns) with Union
County YREWSP projected Year 2050 IBT

Used to compare effects of Altemative 1 to BLY-2012 (Yadkin Baseline-2012)
scenario under current basin-wide water demand.

842050 (Alternative 1-20501

http://cubecarolinas.com/wp-content/uploads/2019/12/2019-12-December-Check.pdf




OASIS Model Accessibility

* Available to all stakeholders through accounts to NC DWR server

* Model is a living document, meant to be easily updated
* Provided with automated inflow update
* Changes to system plumbing or operating rules can easily be made
* Adding additional historical data for inflow/operating rule verification

* Model is user-friendly, with easy to define performance measures like elevation, flow, and generation, along with probability tables and plots
and user-defined level of impact (thresholds defining minor or major) like for Union County IBT analysis.

* Model is well documented, including historical detail on hydro operations between the old license, “interim” license, and new licenses

// File 1s Mainstem_Operations.ocl, which has the coding to handle the operations from the yadkin Projects (High Rock down to Falls)
// and the yadkin-Pee Dee Projects (Tillery and Blewett Falls).

// The details are defined in the 50-year FERC licenses for the 212.5 Mw Yadkin Hydro Project (cube) [FERC Project No. 2197, or P-2197]
// and the 108.6 Mw Yadkin-Pee Dee Hydro Project (Duke Energy) [P-2206] as well as in the drought plans of utilities bound by it
// because of withdrawals from the reservoirs (including IBTs) like Concord and Kannapolis.

* Tutorial for creating and modifying runs and adjusting input and output




Model Development Process

* Develop schematic
* Yadkin Pee Dee: node numbers <= 999
* Lumber: node numbers >= 1000
* Nodes assigned ending number depending on classification (e.g., reservoirs = __0)
* Geographic extent: from headwaters to where rivers join the Pee Dee in South Carolina, with local resolution in North Carolina
* Provide consistency with HDR’s YPDWMG Demand Projections (Tech Memo Update - July 2019) regarding entities, amounts, and sub-basin classifications

» Surface water only (either withdrawals or WW discharges), with facilities in operation or anticipated in the future
* Compile streamflow and precipitation gaging data

* Collect impairment data (withdrawals and WW discharges >= 0.1 mgd for M&l, plus withdrawals for Ag), plus reservoir change in contents,
from databases and information from entities

* Hindcast impairments back to 1930 (start of inflow record), adjusted for facility start/stop dates

* Develop unimpaired inflows on monthly basis
* Match at gages, meaning error is embedded in the impairments

* Disaggregate to daily inflows using mostly reference gages

* Incorporate operating rules

* Develop basecase run (current conditions) — daily timestep, 1930 to Sept. 2019 (with provisional inflow updates to allow for real-time drought forecasting)




Schematic
* Inflow nodes: 80 in YPD, 20 in Lumber
* USGS gages =36
* Reservoir nodes: 30 (all but one in the YPD)
* M&I demand nodes: 40in YPD, 5 in Lumber
* Agricultural demand nodes: 8 in YPD, 5 in Lumber
* WW return arcs linked to demand nodes: 35 in YPD, 5 in Lumber
* WTP process return arcs linked to demand nodes: 15 in YPD, 1 in Lumber
* WW independent return nodes: 25 in YPD, 20 in Lumber

* Interconnection arcs: 15 regular, 30 emergency, including IBTs

* Future intakes




Compile Gaging Data (for the USGS-designated “Pee Dee River Basin”

YPDL OASIS Model Basin Gages:
Timeline of Available Data

USGS_02109500: WACCAMAW RIVER AT FREELAND, NC -
USGS_02110500: WACCAMAW RIVER NEAR LONGS, SC -
USGS_02111000: YADKIN RIVER AT PATTERSON, NC -
USGS_02111180: ELK CREEK AT ELKVILLE, NC
USGS_02111500: REDDIES RIVER AT NORTH WILKESBORO, NC
USGS_02112000: YADKIN RIVER AT WILKESBORO, NC
USGS_02112120: ROARING RIVER NEAR ROARING RIVER, NC -
USGS_02112250: YADKIN RIVER AT ELKIN, NC
USGS_02112360: MITCHELL RIVER NEAR STATE ROAD, NC -
USGS_02113000: FISHER RIVER NEAR COPELAND, NC -
USGS_02113850: ARARAT RIVER AT ARARAT, NC -
USGS_02114450: LITTLE YADKIN RIVER AT DALTON, NC -
USGS_02115360: YADKIN RIVER AT ENON, NC 4
USGS_02115860: MUDDY CREEK NEAR MUDDY CREEK, NC 4 e e p— — —
USGS_02116500: YADKIN RIVER AT YADKIN COLLEGE, NC
USGS 02118000: SOUTH YADKIN RIVER NEAR MOCKSVILLE, NC -
USGS_02118500: HUNTING CREEK NEAR HARMONY, NC
USGS_02119000: SOUTH YADKIN RIVER AT COOLEEMEE, NC
USGS_02120500: THIRD CREEK AT CLEVELAND, NC -
USGS_02120780: SECOND CREEK NEAR BARBER, NC -
USGS_02121500: ABBOTTS CREEK AT LEXINGTON, NC
USGS_02122500: YADKIN RIVER AT HIGH ROCK, NC
USGS_02123500: UWHARRIE RIVER NEAR ELDORADO, NC - -
USGS_0212419274: CODDLE CR AT SR 1612 NEAR DAVIDSON, NC
USGS_0212433550: ROCKY R AB IRISH BUFFALO CR NR ROCKY RIVER, NC -
USGS_02125000: BIG BEAR CR NR RICHFIELD, NC 4
USGS_02126000: ROCKY RIVER NEAR NORWOQOD, NC
USGS_02127000: BROWN CREEK NEAR POLKTON, NC -
USGS_02128000: LITTLE RIVER NEAR STAR, NC

USGS _02129000: PEE DEE R NR ROCKINGHAM, NC
USGS_02131000: PEE DEE RIVER AT PEEDEE, SC
USGS_02132320: BIG SHOE HEEL CREEK NR LAURINBURG, NC -
USGS_02133500: DROWNING CREEK NEAR HOFFMAN, NC
USGS 02133624: LUMBER RIVER NEAR MAXTON, NC -
USGS_02134170: LUMBER RIVER AT LUMBERTON, NC
USGS_02134480: BIG SWAMP NR TAR HEEL, NC
USGS_02134500: LUMBER RIVER AT BOARDMAN, NC
USGS_02135000: LITTLE PEE DEE R. AT GALIVANTS FERRY, SC 4

N “ O 5 N “ 8] & ) \e) O ] ) o O ) o “
‘) ] 3 > ) o (s} o A 1) N} el ) ] QO O " s
SN R A - - N S S L A A
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Gage Map
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Gage Map
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Compile Impairments

* Water withdrawals*
* Public: LWSP database (1997 through present, with some gaps, on a monthly basis); data collected through 2019.
* Industrial (including power plants): WWATR database (1999 through present, with some gaps, on a monthly basis); data collected through 2018

*  Power plants evaluated as “net” withdrawal for consistency with HDR study (= water — wastewater use) since water and WW discharges are in close proximity

* Agriculture: from USDA census data on irrigated crop acreage and livestock counts, + USGS surveys. Key irrigated crops incorporate water use curves in which
irrigation use is dependent on rainfall. Use computed at county level (NC, but also VA and SC) and, in most cases, allocated to each subbasin based on percent coverage.

* Additional data from entities will supersede information from databases

* Wastewater discharges
* Public: NPDES database (early 1990s through present on a monthly basis); data collected through 2018. Some information provided from LWSP databases.
* Industrial: NPDES
* Occasionally, facilities have multiple outfalls which were aggregated to get total discharge
* Additional data from entities will supersede information from databases

* Some entities include NCG (stormwater) permits; stormwater excluded

* Reservoir change in contents and associated net evaporation (using surface area x net evap rate)
* USGS reports provide key information on mainstem reservoir change in contents

* Supplemented with requests of utilities and power companies

* NC Statute in 1991 required WD registration, updated every 5 years, for non-Ag uses > 0.1 mgd (Ag use is > 1 mgd) or transfers from one basin to another.
In 2007, requirement for annual water use reporting.
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Criteria For Entities Being Included in the Inflow Unimpairment

* All those with historic surface water withdrawals from the basin > 0.1 mgd annual average (Ag not included)
* Seasonality considered when annual average < 0.1 mgd

* Only Lumberton had significant GW withdrawal as well as SW withdrawal. This was accounted for.

* All those with historic surface water WW discharges in the basin > 0.1 mgd annual average
* Also applies to entities that withdraw only GW

* Same note as above on seasonality

Excluded are purchasers that do not have a surface water withdrawal in the basins

* E.g., Yadkin County which purchases water from Jonesville

Note: for schematic inclusion, entities must have used > 0.1 mgd in the last 5 years (or are anticipated to use > 0.1 mgd in the future), or
interconnections like IBTs that have not been used yet or are used only in emergency

* E.g., Charlotte (through Concord-Kannapolis), Union County (from Tillery), Greensboro (through Winston-Salem), and High Point (through
Winston-Salem)
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Hindcasting

Concord Coddle Ck WD Hindcast
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Sub-Basin Estimates from HDR Study

Ladkin River Water Supply Study
I Base Year - All Categories [LWSP Forecasts) [Baseline] (MGD) I
HDR Base Year = 2017 NET
(Ag based on the highest reported water use WITHDRAWALS SUBBASINS RETURNS WITHDRAWALS
from 5-year USGS reports available from o < . w.rcanscort — L
. - ) L. -
mid-1980s to 2015) RESERVOIR \
™
10698 | < 3813 |
542 < ‘ 482
\ MNARROWS
477 € RESERVOIR 017 4 60
|BADIN LAKE)
0.02 € ‘ 0.02
€

Total (MGD): 190.57 123.68 56.89



Breakout from HDR Study

As noted, power discharges are
incorporated in the withdrawal
numbers as a net withdrawal,
so discharges are shown as 0.

We made the same assumption.

ed Withdrawals by Subbasin [mgd)

(LWSP Foreasts) [Baseline]
L EE]
MARROWS DHOWNSTREAM
W. KERR 5COTT TUCKERTOWN RESERVOIR FALLS BLEWETT FALLS | OF BLEWETT
Year Total RESERVOIR HIGH ROCK LAKE RESERVOIR {BADIN LAKE) RESERVOIR LAKE TILLERY LAKE FALLS LAKE [MC)
Public Water /Wastewater Utilities
Base 13435 0.00 5043 483 451 0.00 754 3274 3.96
2020 176.42 0.00 97.18 718 T.09 0.00 1231 4811 456
2030 19585 0.00 105.53 7.37 7.32 0.00 2033 50.04 473
2040 21441 0.00 116.10 751 743 0.00 25.89 L2242 5.00
2050 23403 0.00 126.24 768 7.70 0.00 32.05 55.14 5.23
2060 252 46 0.00 13841 T.E83 7.B8 0.00 35.55 57.33 5.47
2070 27466 0.00 14832 532 838 0.00 39.42 &4.60 5.61
Industrial
Base 11.06 0.23 311 0.00 0.00 0.00 0.00 2.52 4381
2020 16.56 0.23 411 0.50 0.50 0.50 1.00 3.52 5.81
2030 16.56 0.23 411 0.50 0.50 0.50 1.00 3.92 5.81
2040 16.56 0.23 411 0.50 0.50 0.50 1.00 3.92 5.21
2050 15.56 0.23 411 0.50 0.50 0.50 1.00 3.92 5.81
2060 15.56 0.23 411 0.50 0.50 0.50 1.00 3.52 5.81
2070 16.56 0.23 411 0.50 0.50 0.50 1.00 3.92 5.81
Agriculture/Irrigation
Base 38.24 216 20,66 0.60 0.26 0.02 233 10.45 177
2020 54.63 3.54 29.15 0.88 0.36 0.02 3.87 1354 248
2030 54.64 3.54 29.15 0.88 0.36 0.02 3.87 13.595 248
2040 54.66 354 2915 0.88 0.36 0.0z 387 1396 248
2050 54.67 354 2915 088 0.36 0.0z 387 1397 248
2060 54.68 3.54 29.15 0.88 0.36 0.02 3.87 13.53 248
2070 54.70 354 2915 0.88 0.36 0.02 387 14.00 248
Power
Base 6.92 0.00 274 0.00 0.00 0.00 0.00 4.18 0.00
2020 8.00 0.00 3.00 0.00 0.00 0.00 0.00 5.00 0.00
2030 14.00 0.00 3.00 0.00 0.00 0.00 0.00 5.00 0.00
2040 14.00 0.00 5.00 0.00 0.00 0.00 0.00 5.00 0.00
2050 600 0.00 5.00 0.00 0.00 0.00 10.00 0.00 0.00
2060 42.00 0.00 42,00 0.00 0.00 0.00 0.00 0.00 0.00
2070 4200 0.00 42.00 0.00 0.00 0.00 0.00 0.00 0.00
Total
Base 19057 238 106.98 542 477 0.0z 10.17 5029 10.54
2020 25561 4.17 133.44 8.56 7.55 0.52 17.17 70.96 12.85
2030 28108 4.17 14835 274 818 0.52 25.25 7250 13.07
2040 29963 4.17 158.36 8.89 835 0.52 30.75 75.29 13.29
2050 31125 4.17 16550 5.06 856 052 36.92 7303 1351
2060 365.70 4.17 213.67 9.20 874 0.52 40.41 75.23 13.76
2070 38791 4.17 22358 270 9.24 0.52 44 29 §252 1390




Projected Returns by Subbasin (mgxd)

(L'WSP Forecasts) [Baseline]
W. KERR S5COTT TUCKERTOWN | RESERVOIR FALLS BLEWETT FALLS | OF BLEWETT
B reakout from H DR Stu dy Year Total RESERVOIR  |HIGH ROCK LAKE| RESERVOIR (BADIN LAKE) RESERVOIR LAKE TILLERY LAKE FALLS LAKE [NC)
Public Water/\Wastewater Utilities
Base 11908 | 0.00 £5.33 061 0.00 0.00 0.29 45.40 6.39
2020 13683 | 0.00 77.86 0.69 0.00 0.00 0.30 51.60 6.44 |
2030 15604 | 0.00 5462 0.73 0.00 0.00 0.32 63.77 6.60 |
2040 18033 | 0.00 92 12 0.77 0.00 0.00 474 75.33 677 |
2050 20308 | 0.00 99.50 0.80 0.00 0.00 8.45 37.38 6.94 |
2060 27042 | 0.00 108.49 0.84 0.00 0.00 184 102.12 7.12 |
2070 246.10 | 0.00 117.24 0.83 0.00 0.00 213 11853 7.30
Industrial
Base 460 | 0.25 346 0.00 0.17 0.00 0.00 0.53 0.19
2020 452 | 0.25 347 0.00 0.1 0.00 0.00 0.53 0.19 |
2030 458 | 0.25 343 0.00 0.23 0.00 0.00 0.53 0.19 |
2040 477 | 0.25 3.50 0.00 0.30 0.00 0.00 0.53 0.19 |
2050 az8 | 0.25 352 0.00 0.38 0.00 0.00 0.53 0.19 |
2060 5ol | 0.25 354 0.00 0.43 0.00 0.00 0.53 0.19 |
2070 517 | 0.25 3.57 0.00 0.63 0.00 0.00 0.53 0.19
Agriculture/lrrigation
Base 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2030 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2040 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2050 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2060 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2070 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Power
Base 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2030 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2040 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2050 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2060 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
2070 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total
Base 12368 | 0.25 68,85 061 0.17 0.00 0.29 4533 6.58
2020 14151 | 0.25 5132 0.69 0.18 0.00 0.30 5213 6.63 |
2030 16072 | 0.25 £8.10 0.73 0.23 0.00 0.32 £4.30 6.79 |
2040 18510 | 0.25 95 63 0.77 0.30 0.00 474 76.45 6.96 |
2050 207596 | 0.25 103.02 0.80 0.38 0.00 8.45 37.31 7.13 |
2060 22542 | 0.25 11203 0.84 0.43 0.00 184 10265 7.31 |
2070 25137 | 0.25 120.51 0.83 0.63 0.00 213 119.06 7.49 |




Aggregation of Impairments

* Current conditions OASIS run (Basecase) uses 2015-2019 averages

* Compare with HDR Baseline conditions which use 2017 data



OASIS Input Data Comparison

Yadkin River Water Supply Study
Uses 2015-2019 annual averages Base Year - All Categories (LWSP Forecasts) [Baseline] (MGD)

for base year, HDR uses 2017 data
for all except Ag, which is based on
largest of 5-year reported USGS

WITHDRAWALS SUBBASINS RETURNS

\ W._ KERR SCOTT

1.7 (OASIS) [ o e RESERVOIR 0.25 0.2 (OASIS)
data starting in 1990 (due to wide
iati . ] < HIGH ROCK [
variation) Our Agis 18.6; HDRs is 20.6 108 (OASIS) e Lake t — 70 (OASIS)

solomss) | <\ EEE S e | Gslosss
(r:;)rr)r:)pririson to most recent USGS 4.3 (OASIS) < \ ':E?:T?EE, — 0.2 (OASIS)
0 (OASIS) By < e <—[Ij 0.0 (OASIS)
9.7 (OASIS) [ ow |« e e 025 | 0.4 (OASIS)

Our Agis 7.0; HDRsis 105 46 (OASIS) 02 | € 4—tﬂ/ 49.7 (OASIS)

< Sl Se—— o= | 67(0nsis)

Total (MGD): 190.57 123.68

\
A

Difference is Hendrick Mine by 3 mgd 6.8 (OASlS) Ll
(ours = 1.8 mgd; HDR = 5 mgd) —
[reason is monthly and annual don’t match
in data reports]



Reservoir Storage Summary
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Reservoir Storage Summary
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Reservoir Impairments
(Using High Rock and Narrows as an Example)

184 PEE DEE RIVER BASIN

1288.44. Badin Lake near Badin, K. C.
1224, Hign Rock Lake at High Rock, N, C.
Location,==Lat 35°25110", leng BO®DS'34" [prevised), at dam on ¥Yadkin River, 1% miles north=
“east of Dadln, Stanly County, 2% miles upstrean from Falls Dam, 4 mlles upslrean from
Location.=-Lat 35°36'02", long 80°14'06", at dam on Yadkin River 0.8 mile northwest of Unharrle River, and at mils £a6.
High Rock, Davidson County, 2 mlles upstream from Lick Cresk, and at mile 252, o
rainage sres,.--4,180 ag ml, spproxinately.

Drainage area.--4,000 sq mi, approximately. Records avallable.--December 1317 to September 1960.
Records_avallable.--November 1927 to September 1960. LEE “!:3:;‘ Sggfem“eg‘)i’gg; and staff gage. Datum of gage 1z 30.9 £t (revised) below mean
um o
Gage.--Water-stage recorder and staff gage. Datum of gage 1s 80.9 ft (revised) below mean Remarks,.=--Badin Lake [locally known as Warrows Reservoir) used for hydroslectric power
sea level, datum of 1929, ovelopment, was firet pul in eperation July’ 12, 1917 [revised), Total capacity iz
10,497,960,000 cu It end usable capacliy io o, 202,564,000 ou fi between elevations 505.0
Remarks.--Lake used for hydroelectric power development was first put in operation Nov. 7, :nlréw?-!l { ft éﬁvil‘sgd].h F‘lgur!‘?s glv:n h rein’ :ep{es:n; .utg} cgntgntsA Raggdsrnu:n
927, Total capaclty is 11,090,000,000 cu 't and usable capaciiy 1s 10,230,000,000 oufi Ly pub.ished; changes In conbents, equivalent in cuble faet per satgnd, for
cu ff betwesn elevations 625 and 655 ft (top of gates). Figures given herein répresent group of Tessrvolns including this one have been published sincs March 1928,
total contents. Records previously publlshed as change in contents, eguivalent 1n cuble Cooperation.--Records furnished by Yadkin, Ine. (formerly Carolina Aluminum Co.).
feet per second.
Cooperation,--Records furnished by Yadkin, Inc, (formerly Carclina Aluminum Co.}. Gomtants, in n1111gns of subls feat, on Isat aey of mmmth
Dot Kov. Dec. Jan. Feb. Mar. apr. may Jure Juiy Aug. Sapk.
Contents, in milliens of cuble feet, on last day of month N - ,5e0) 3,901 5,907 s.260| 5,95 5,81 s.6e5| a,5vs| 10,ze8| 10,002
= e I S N S A A R S i o e R SR ) e ) i o
1928 = o 7,932 4,461 6,914 a,s02| 11,025| 11,058| 10,960 9,725| 10,928] 11,025 2,53#‘ 10, 524 lg‘Mﬂ }g.ﬂg igggn 3.5}: 12‘22 }g,?%i }g.;ég 10,035 8,411 B.%
1929| 11,025 9,878| 8,172 6,552 10,700| 11,088 11,025| 10,960 11,058 10,505| 8,338) 5,376 . u.wai - » LG4l 10,4 . » 15 H H
1930| 10,992( 11,058| 11,088 10,895| 10,635| 10,765| 6,784| 6,412| 10,472| 3,185 3.383| 3,330 Lol poss e Bty S.1d) 10,383 10,1360 10,458 1,510 Historic net
8,338 10, N > 5,7 . £, 35 .
1051 1,072| 1,57| 3,258 4,604| 2,8e2| 5,397| 11,025( 11,000 8,784| 9,188] 10,992| 8,195 FIT| 9,ES3Bd4| 5,700 6,838 5359 t
1932 4,543 2,664 4,291| 11,0%0| 10,321 10,668 11,025| 10,850| 10,159 5,383 5,439 3,433 6, 50F| #,770| 10,524 @8,378| 7,680 5,551 5,780 eva pora |On
1933[ 11,058| 11,077| 10,882| 11,070| 10,440| 10,947| 10,824| 10,002| 8,624| 6,842| 7,618| 8,797 1508 JE20| 10512( e7se( 1, 6,782 5552
1934 2,538| 1,327| 1,262 88z 4,696 10,973| 10,921| 11,070{ 10,315| 11,082 | 11,077| 11,025 s (il S, T4n) B.A081 10.484) 10.478) 19.338 — h H f
1935| 9,996 9,828| 11,064{ 11,051 11,084| 10,73¢| 10,862| 10,975| 7,706| 10,084| 7,207| 6,904 10’348 olE2e| 10,785| 10,310 10,267 10.219] 10,208 - IStOFIC surrace
1936 3,681 3,237 1,001 11,088| 10,732} 10,992| 11,045 8,048 8,158 8,128 9,980 6,142 4,187 9, 964 2,887 10,030 10,488 10,%E4, 9,996 10,067 10,54 10,056
1937 35,743 ,682| 9,385 10,674| 11,032} 10,512| 11,088 10,264| 7,539| 3,872 9.036| 6,004 10,01 10.512| 10,138| 10,276 10,324 0.862 10.247| 10,106| 10,270| 10,047 area (converted from
l9z8| 11,088\ 9,815 6,250| 5,978( 4, 5,055 4,025] 4,714| s9,0e2] 11,000| s, 4,899 RN AT At Bt Bt Bt B Rt R e e
1938| 2,441) 4,383| 6,066| 6,57S| 11,025| 11,090| 10,765| 7,985| 6,203| 10,830| 10,700 6,528 B 100478| 10505 10-984| 10'413| To'328| 10°040| 8'358| 8 d5a| 9 A58
. ’ s v v i v 4 !
1940 2,198 1,268| =2,084| 1,244| 3,738 4,155 &,788| 7.,828| 8,255 8,200| 10,895 8,420 storage-a rea curve) x
365 10,384 10,566 10,523 10,502 10,012 9,789
1s41| 3,262| 6,250 5,978 5,934| 4,750| 6,872| 7,282| 2,920 =2,920| 10,570 9,100 5,586 10,111 10,317 35 0,44 "
1saz| 2,318 1,8%8| 7,581 2,318| &,473| 10,103 6,720| 10)396] s,014| &,691| B8,9S8| 7,565 T o190t estimated net evap
1943 4,257 5,657 10,128 » 9,014 895 10,881 7,948| 9,347[ 10,390| 9,781 ,830 71834 £255 8,685
1944| 7,545 6,514 4,328] 5,58a| 11,031| 11,081| 10,785| 9,853| 6,551( 10,128| €,133| 10,875
1945 10,538 9,568|. 9,112| 9,108| 11,032| 9,996| 10,271] 8,112| 5,363| 9,467| 6,394] 11,090 8,581 8,033 R 1:.:&; 1000
1946/ s,002| 7,770/ 10,999 10,752 10 824 10,960 9,671| lo,642{ 6,188| 3,878| 5,384| 3,745 o 10,519 10,063 10,120| lo,Ce3) 1o1k2
1947 3,240| 2,755 2,174 10,785 §,624| &,255| 7,775/ 10,505| e,s72| 4,532 &,909 1. Fred it 12'3‘3, aagl 5-deal po-Em
1848| 11,005 11,051 8,846/ 8,848 m rm 11,058] 9,a7z| 10,538 8,550| €,315| B8,698| 4,485 : " ! : ’ :
1949 3,454) 11,025) 11,058 9,878 10,560 11,050| 10,960 9,835 9,455 10,700( 11,205 10,378 10,14 10,270 10,350 10,480 10,354 1o,371| 10,018 9,876 9,889
1950 10,960\ 10,960| &,640| 8,870 9,275 10,830{ 9,575 10,960 &,530| 9,187| 9,755 8,200 1.8 o1z soeg 0 bes 13‘5's= 19,127 0.989
. y : s X
1951 6,624| 5,418 8,812 6,014] 7,722| 8,755 10,805 9,455/ 10,085| 10,570| 9,100| 9,575 1o.359 0,400 10,338 10,208 10,288 0,178 10.478
1952 8,255 7,932| 10,378 9,335 9,515 11,080 11,025 9,455 9,575 9,215 10,700| 9,042 * ! ! " ’
1953) 8,348 10,340 9,895 10,700/ 10,960, 11,025 9,455 10,180 10,609 9,215 9,455| 10,002 9,388 19,104 10,430 9,372 10,242 9,966 9,920
1954 10,002| 9,515 8,090 10,505/ 10,085/ 10,190 8,420 &,985| 8,620 6,250] 7,880 5,376 10,035 10,476 10,524 10,035 5,335 5,615 10,24
1955 5,934 4,189 6,066 4,393 7,414) 6,624 10,427 8,148 €,110| 5,378 5,211 4,899 19:55 058 0N 3R ns| s 3%
8,91 10,007 10,26 10,054 9,574) 10,124] 10,170
1956| 4,058 2,568 1,638 ses| 3,672| 5,016| 9,456| 8,364| 5,890 5,018 2,441 10,001 ! ll N
1957 8,384 65,172| 6,883| 3,424| 11,018| 10,554 10,619 8,885 10,879| 9,759 7,161| 10,878 6,050 10.12] 10,207 3,001 2.048] 20,08 B2
1958 9,396 11,018| 10,618 11,01a| 11,018| 11,018 11,090| 10,4%0| 10,182 9,215| 9,336, 3,928 1 1028 103l 30:001 30:iae]
1959| 2,4m2| 2,492| 0,818| 10,947| 9,458 @&,700| 10,813| 8,813| 8,644| 10,365 10,748 9,819 10,381 10,311) 10;287| 10,134| 10,031
1g60| 10,813 9,336 10,847 10,619| 11,018| 11,018| 11,018| 10,947| 10,061| 8,275 9,086 5,978 10,331 10,474) 10,498[ 10)481| 9,857

& Contents by capaclty table uced beglnnlng Sept, 1, 1854; contents Sept.
table used prisr te Sepk, 1, 1854, 3,988 nilllon cuble feet.




Reservoir Impairment (using WSACC as an Example)

bODDLE CREEK RESERVOIR/LAKE HOWELL WATER LEVEL REPORT

ESTIMATED
LAST MINIMUM RELEASE DISCHARGE CODDLE CREEK | LAKE HOWELL
WATER | RAINFALL YEAR'S INFLOW INFLOW DROUGHT

DATE LEVEL (inches) WATER Discharge | Minimum STAGE

LEVEL Over Release cfs mgd efs mgd cfs mgd

Spillway | Discharge

8-3-20 650.0 0 649.3 No Yes 3* 1.95 11.90 7.74 1749 | 1137 Stage 1
8-10-20 645.9 0 645.1 No Yes 3* 1.95 175 5.04 11.35 741 Stage 1
8-11-20 645.9 0 645.1 No Yes 3* 1.95 775 5.04 11.3% 741 Stage 1
8-17-20 650.1 21 648.9 Yes Yes 3* 1.95 12.70 8.26 1867 | 12.13 Stage 1
8-18-20 650.2 0 648.9 Yes Yes 3* 1.95 12.70 8.26 1867 | 12.13 Stage 1
8-19-20 650.0 0 648.9 Yes Yes 3* 1.95 15.50 10.08 22.79 | 14.81 Stage 1
8-21-20 650.0 0 645.0 Yes Yes 3* 1.95 15.50 10.08 22.79 | 14.81 Stage 1
8-24-20 650.1 0.5 648.9 Yes Yes 3* 1.95 9.90 6.42 1451 9.43 Stage 1
8-27-20 650.0 0 648.9 No Yes 3* 1.95 8.77 5.70 12.89 8.38 Stage 1
8-31-20 650.2 2.0 648.9 Yes Yes 3* 1.95 262.00 | 17030 | 385.14 | 25034 Stage 1

Full Pond Level — 650.0'
DROUGHT OPERATING CURVES:

Normal: > 70% usable volume (6455 feet), = 75% historical mflow, minimum release = 6 cfs.

Stage 1: = 70% usable volume (645.5 feet), < 75% lustorical inflow, minimum release =3 cfs.

Stage 2: 70% usable volume (645 feet). minimum release = 2 cfs.

Stage 3: 60% to 40% usable volume (643.9 feet to 540.4 feet), (depending upon the month), minimum release =2 cfs.
Stage 4: 50% to 30% usable volume (642.2 feet to 638 4 feet), (depending upon the month), minimum release =2 cfs.

*The minimum release discharge 15 a total of 2.0 cfs — 1.0 cfs from Coddle Creek Reservoir/Lake Howell and 1.0 cfs from Coddle Creek Water
Treatment Plant.

Hazen



Unimpairment of Gages

[ Al flowsinofs
] Dbserved Flow Withdrawals Withdrawals Withdrawals Withdrawals % ir Impai R ir |
adkin Fiver at vadkin College, N Yadkinuile  DavieCoSparksRd'WD  WSidolksDam'wD  DavidsonWater  5-DReseruoir 5-0 Reservair Total  Tatalimpaiment Total Total
I B 02716500 02-53-075 02-30-015 02-34-010 02-25-025  changein storage net euap Impairment aboueupstteam  impairment Unimpaire
Il 02-34-010 inthis reach gage to downsteam gage Flow
1 02116501
Date USGS_0211
12181556 3230 127 0.23 020 0.31 3218 0.31 140 148 5117 1226 7 9.6 514 3261
121513965 3540 127 0.23 020 0.31 3218 031 140 148 5117 1226 7 455 77z 3617
| t2rzomnase 3830 127 0.23 020 0.31 3218 031 140 148 5117 1226 7 -3236 -2518 3538
| 1221396 3350 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T 535 5.2 3435
| 1zr2ziasn 3070 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T 254.2 2659 3356
| 12123398 2660 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T 126.2 153.9 3040
| 1212411398 2660 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T -24.6 72 2067
| 1212511398 3230 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T -356.2 -324.5 2308
| 121261398 3240 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T 31 34.8 3275
| 12127398 3000 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T 2517 2634 3283
| 1212811398 2610 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T -43.8 -18.0 2732
| 1zt2anasn 2760 127 0.23 020 0.31 321 0.3 140 146 5117 1226 T -53.7 -z6.0 2752
| 1213001398 2360 127 0.23 020 0.31 3218 0.31 140 148 5117 2.26 T 510 828 2343
| 1231396 2730 127 0.23 020 0.31 3218 0.31 140 148 5117 2.26 T 510 133 27
| waat 2650 113 0.28 013 0.31 33.06 0.31 151 156 54.97 1261 354 -417.7 -382.3 2238
| wenas? 2650 113 0.28 013 0.31 33.06 0.31 151 156 54.97 1261 354 3312 3666 3047
| wanae? 2660 113 0.28 013 0.31 33.06 0.31 151 156 54.97 1261 354 a0 44.4 2704
| mdnas? 2620 113 0.28 013 0.31 33.06 0.31 151 156 54.97 1261 354 0.3 457 2668
| wsnas? 2650 113 0.28 013 0.31 33.06 0.31 151 156 54.97 1261 354 -27.0 34 2658
ICEE 340 113 0.28 013 0.31 33.06 0.31 151 156 54.97 1261 354 1222 -36.8 3053
IGEET 3020 113 028 013 0.31 33.06 0.31 151 156 54.97 261 354 M2 £9.5 3090
| wanas? 2720 113 028 013 0.31 33.06 0.31 151 156 54.97 261 354 355 0.3 2791
| wangs? 3460 113 028 013 0.31 33.06 0.31 151 156 54.97 261 354 3876 4230 3333
| wonasr 4340 113 028 013 0.31 33.06 0.31 151 156 54.97 261 354 -85 -124.0 4816
| wmnas? 4470 113 028 013 0.31 33.06 0.31 151 156 54.97 1261 35.4 -32.4 30 4473
| wznagr 3710 113 028 013 0.31 33.06 0.31 151 156 54.97 1261 35.4 -10.0 -104.6 3605
| wianagr 3230 113 028 013 0.31 33.06 0.31 151 156 54.97 1261 35.4 0.3 45.7 3278
1397 2340 113 028 013 0.31 33.06 0.31 151 156 54.97 1261 35.4 -14.3 205 2360




Fill In Missing Record

Timeline of Available Data for Gains

USACE_01: Kerr Scott Rese rvoir

USG5_02110500: WACCAMAW RIVER NEAR LONGS, 5C 4

USGS 02112000: YADKIN RIVER AT WILKESBORO, NC -

USGS_02112250: YADKIN RIVER AT ELKIN, NC

USGS D2115360: YADKIN RIVER AT ENON, NC -

USGS_02116500: YADKIN RIVER AT YADKIN COLLEGE, NC A T T -1 -

USGS 02119000: SOUTH YADKIN RIVER AT COOLEEMEE, NC

USGS_02122500: YADKIN RIVER AT HIGH ROCEK, NC A
USGS 0212433550: ROCKY R AB IRISH BUFFALO CR NR ROCKY RIVER, NC -

UsSGS_02126000: ROCKY RIVER NEAR NORWOOD, NC

USGS _02129000: PEE DEE R NR ROCKINGHAM, NC A

USG5_02131000: PEE DEE RIVER AT PEEDEE, 5C

USGS_02133624: LUMBER RIVER NEAR MAXTON, NC

USGS 02134170: LUMBER RIVER AT LUMBERTON, NC

USGS 02134500: LUMBER RIVER AT BOARDMAN, NC

USGS_02135000: LITTLE PEE DEE R. AT GALIVANTS FERRY, 5C A

o ) o ) o ) o ) o ) o ) o “ o ) o )
et ) SO O P 5 R R i)

% ) o o
‘\r-:, P ‘\-E, ‘\-E, P ‘\-Eﬁ ‘\uq ‘\-E, ‘\-E, M M ’LQI WV ’LQI ’LQI



Correlation
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Correlations with Respect to Kerr Scott Gains

Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
e=@==JIF_USGS_02112000: YADKIN RIVER AT WILKESBORO, NC ==@==JIF_USGS_02116500: YADKIN RIVER AT YADKIN COLLEGE, NC
=== JIF_USGS_02118000: SOUTH YADKIN RIVER NEAR MOCKSVILLE, NC UIF_USGS_02118500: HUNTING CREEK NEAR HARMONY, NC

=8=1J|F_USGS_02119000: SOUTH YADKIN RIVER AT COOLEEMEE, NC  ==@==UIF_USGS_02126000: ROCKY RIVER NEAR NORWOOQOD, NC

=@ J|F_UUSGS_02128000: LITTLE RIVER NEAR STAR, NC e=@==J|F_USGS5_02129000: PEE DEE R NR ROCKINGHAM, NC




Correlations with Respect to High Rock Gains
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Correlations with Respect to Rockingham Gains

Correlation
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Finalize to Daily Timestep

Elkin Gage
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Impairment Summary

Summary of Impairments Upstream of Key Gages or Locations (excluding reservoir operations)

I 2017 Data

L ]
Met Impairment (cfs) Remarks

Wilkesboro 15.6 About 11.5 for M&I, rest for Ag (about 2.5) assigned to Kerr Scott
In other words, > Elkin 9.4 Mostly from WW return between Wilkesboro and Elkin
net impairment — Encn 30.3 Mostly W-5 withdrawal (about 20 cfs from Swanns intake)
drops by about 4 cfs Yadkin College 34 Breakout of major uses is as follows: * for inflow unimpairment, when factoring in reservoir operations, includes routed change in storage at Kerr Scott (avg imp:
from Wilkesboro W-5 withdrawal of 37 cfs from Idols intake
to Elkin W-5 WW return of 49 cfs (23 cfs to muddy creek, 26 cfs to salem archie)
Davidson withdrawal of 15.4 cfs (no WW return)
S0 using these numbers, YC impairment = Enon gage + W-5S WD - WW discharge inreach =303 + 37 + 154 -48=33.7
Actual impairment of 34 cfs reflects other WDs and WW discharges
Ag allocated to Kerr Scott propagated downstream, but additional Ag only shown again for High Rock
High Rock 63.8 24.9 net impairment in this reach, mostly from Ag (28.8) in HR subbasin allocated to this location
So total net impairment = 34 (at Yadkin College) = 249 in this reach = 63.8
Rockingham 93.8 7.5 cfs WD for Asheboro down to Tillery (no WW return)

14.8 cfs WW return for Rocky River Mallard Creek (from Charlotte, so no WD)
6.5 cfs WW return for Rocky River Mooresville {from outside basin, so no WD)
10 cfs WW return to WSACC (from outside basin, so0 no WD)

17 cfs Ag WD for subbasins TT, Na, Fa, Till, and Blew

10 cfs WD for Anson County (WW returned DS)

6.5 cfs WD for Smith plant

4 cfs WD for Montgomery County (no WW return back in)

5.7 ¢fs WD for Richmond County (no WW return back in)

4.1 cfs WD for Hedrick Mine

Met= 55 WD - 30 WW = 25 WD in this reach
50 HR + Rockingham =63.8+ 25 =BB.B cfs
Actual in unimpairment spreadsheet = 83 8 ofs, so close

To Blewett, total net impairment would 83.8 - WDs in bold (or about 33 cfs), or 60 cfs

So change in impairment from High Rock to Rockingham is small {obviously not including reservoir operations)
Provisional inflows remove effect of reservoir operations by using either gains downstream of reservoirs

or gages on tributaries that are drainage area adjusted




Net Impairments (Not Incl. Reservoirs) — High Rock
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Net Impairments (Not Incl. Reservoirs) — High Rock
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Reservoir Impairments — High Rock
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Other Data for Basecase Run

* Physical
* Reservoir storage-area-elevation
* Pumping capacity

* Turbine capacity

* Spill rating curves




SAE for Kerr Scott

Old (from project start)

Reservoir Storage-Area-Elevation at Node 10, 'Kerr Scott Reservoir'

2010 (survey up to 1075 feet)

Reservoir Storage-Area-Elevation at Mode 10, 'Kerr Scott Reservoir’
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Operations

* Derive from reports, LWSPs, WSRPs, operating licenses, and personal contacts

* Include drought plans and minimum releases




Drought Plans

* Almost 20 that are modeled — tied to reservoir storage/elevation; river flow; drought monitor, and/or river stage.
Drought monitor used for LIP when available. % WTP capacity not modeled since that requires distribution system

demand that can vary hourly.
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LIP — Yadkin Project Requirements

Low Inflow Protocol
for the
Yadkin & Yadkin-Pee Dee River Hydroelectric Projects

GOAL

The fundamental goal of this Low Inflow Protocol (LIP) is to take staged actions in the Yadkin-
Pee Dee River Basin needed to delay the point at which available water storage in the Yadkin
Hydroelectric Project (Federal Energy Regulatory Commission — FERC No. 2197) and the
Yadkin-Pee Dee Hydroelectric Project (FERC No. 2206) (collectively, projects) reservoirs is fully
depleted while maintaining downstream flows. This LIP is intended to provide additional time to
increase the probability that precipitation will restore streamflow and reservoir water elevations
to normal ranges. The amount of additional time that is gained during implementation of this
LIP depends on the diagnostic accuracy of the trigger points, the amount of regulatory flexibility
available to operate the projects, and the effectiveness of the projects’ operators and the water
users in working together to implement required actions and achieve significant water use
reductions. Itis assumed that water users in the Yadkin-Pee Dee River Basin not subject to this
LIP must comply with all applicable State and local drought response requirements.

3.1.44  Updating the LIP

During the term of this license, the Licensee shall consult with the YPD-DMAG at least once
every five (5) years to review and consider updating the LIP. The use of the period of record
1974 through 2003 to calculate the Historic Stream Gage Three-Month Rolling Average flows
set forth in Table LIP-1 of this Article shall be evaluated every five years during such review. On
the basis of such consultation, review and consideration, the Licensee may propose
modifications to this Article for the Commission's review and approval.

Yadkin Hydroelectric Project (FERC No. 2197) 3-10 February 2007
Relicensing Seftlement Agreement

The Licensees will provide flow from storage in the projects’ reservoirs to support hydroelectric
generation and to provide Required Minimum Instream Flows in accordance with their
respective new FERC licenses. During periods of normal inflow, reservoir water elevations will
be maintained within their Normal Reservoir Operating Ranges. During times that inflow is not
adequate to provide Required Minimum Instream Flows and maintain reservoir water elevations
within their Normal Reservoir Operating Ranges, the Licensees will reduce releases for
hydroelectric generation. If reservoir storage continues to drop and climatologic or hydrologic
conditions worsen until trigger points defined in this LIP are reached, the Licensees will
implement additional provisions of this LIP, including meeting with the designated agencies and
water users to discuss the need for actions pursuant to this LIP. If conditions worsen,
progressive stages of this LIP will allow additional use of the available water storage inventory,
while conserving water storage volumes through required reductions in LIP Flows and required
reductions in water withdrawals.



Verification of Basecase Run

* |Inflows

* Operating rules




Monroe — Example -- At 6 mgd avg.
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Kerr Scott

Kerr Scott Elevation

verif_KS_back_calc_inflows
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Kerr Scott
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Historic return to guide curve can be delayed due to hedging on flooding concerns downstream and also holding water
to delay drawdown during drought

Historic release sometimes less than minimum required
(here, normal minimum is 125 cfs only when < 1023 feet)
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Kerr Scott - Simulated
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Simulated releases the exact required amount

(during flood control based on Wilkesboro gage and

during low flow situations) using perfect foresight of

today’s inflows; plus simulated returns to guide curve faster &
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High Rock

_HL
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High Rock Elevation
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Documents Used to Model Mainstem Operations

* HDR Model Logic and Verification Report from 2014

* Pulled some information from the 2002 APGI and 2003 Progress Energy Initial Consultation Documents

* CHEOPS model inputs for 2014 Assessment of Union County IBT

* Relicensing Settlement Agreement for APGIl and Comprehensive Settlement Agreement for Progress Energy
in 2007

* License Documents for APGI in 2016 and Duke Energy in 2015




Old License Operation for Yadkin Projects
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Alcoa Power operated its Yadkin Project in accordance with a 1968 headwater benefits agreement with the licensee of
the Yadkin — Pee Dee Project. According to the 1968 agreement, Alcoa Power regulates weekly average stream flow
from Falls Reservoir to provide a flow not less than 1,500 cubic feet per second (cfs) during the 10-week period
preceding the recreation season (May 15 through September 15); 1,610 cfs from May ....



Iterations for a New License

Modeled by HDR for Union County IBT work
circa 2014

B.2.1.2 Proposed Operations
Reservoir Operations

APGI proposes that under the new license, High Rock will be operated in accordance with a
revised Guide Curve (Figure B-2) that features three basic guides: a Hard Guide, a Soft Guide,
and a Recreation Season Guide (April 15 to September 15). During normal operations, APGI
will maintain the reservoir elevation at or above the Soft Guide or the Recreation Season Guide
elevation. Generation is not restricted for normal operations. If at any time the water level at
High Rock falls below the Soft Guide or Recreation Season Guide and above the Hard Guide
curve elevation (dark shaded section), APGI will reduce its generation and water releases from
High Rock to the flow equivalent of no more than 1,500 cfs weekly average discharge until such
time that the High Rock reservoir level returns to or above the Soft Guide or Recreation Season
Guide curve. Operation in this range is expected to occur infrequently, and would be caused by
conditions such as: actual inflows not meeting projected inflows; human error; equipment
malfunction or failure; drought periods; or electrical system emergency (e.g.. fransmission
bottlenecks, real and reactive power support, load following support, etc.) as discussed in the
proposed Hydro Project Maintenance and Emergency Protocol (HPMEP) for the Project (see
Exhibit B.6.4).

Figure B-2: Proposed High Rock Guide Curve
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Basin-Wide Operations

* Mostly independent
* Reservoirs upstream will not make releases for users downstream unless minimum flow requirements apply

* Kerr Scott will provide additional release from Winston-Salem’s account during low flow/high demand

* Kerr Scott will limit releases down to Wilkesboro for flood control

* Coordination among entities with multiple reservoirs, intakes, and WW discharges (e.g., WSACC, Anson
County, Moore County in Lumber)

* Coordination through sale and purchase agreements, regular and emergency

* Coordination during drought conditions through Low Inflow Protocol




Hydro Operations

* Set up to exploit the permitted operating band per the license agreements

* Model will generate down to the normal minimum elevation (NME) up to turbine capacity

* Limited the operating range based on historic data (since 2017 when both companies were operating with
new licenses)

* Not capturing day-to-day operations that are based on power market prices and demand

* Customized models can be developed as off-shoots to model (e.g., optimal dispatch for Dominion Virginia on the Roanoke River)




Maintenance (Ed Bruce believes this was the case for Tillery)

YPD Project - Historical Operation /

Yadkin - Pee Dee Project Composite - Historic

Shown is post-2017 after license was renewed so we have representative operations
; for B
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YPD Project - Simulation
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YPD Project - Simulation
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YP t - Simulation
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YPD Project - Simulation
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YPD Project - Simulation
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Deviation below 4 foot September NME to prepare for Hurricane Florence

Yadkm PI’OjeCt Historical Operation
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Yadkin Project - Historical Operation
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Yadkin Project - Simulation
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Yadkin Project - Simulation
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Yadkin Project - Simulation
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Yadkin Project - Simulation
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December 1, 2019: LIP Stage -1 Normal

High Rock HWEL = NME plus 9.4 = §23.3 USGS Datum (NGVD29), 654 4 YAD
LOW I n fI OW P roto CO I Current 3-mo ralling avg. inflows =278 cfs
USGS Gage
Yadkin River at South Yadkin Abbotts Creek al | Rocky River Near
Yadkin Caollege River Mocksville Lexington Morwood
2116500 2118000 2121500 2126000
* Implemented in Feb. 2007 R = = Br
Movember 2045 322 135 4T3
3 mo. avyg. 2182 237 71 288
* High Rock operations impacting elevations may have changed He Smomiingmversgaifows = 3550 cf (inflow Raio = 0.78)
. . . Drought Index Ratio = (1+1+0)/3 = 087
between then and when license was issued in 2017 Last onth LIP Stage = Stage-1
Evaluation Criteria for LIP Stage Im, entation:
* Monthly determination, influencing Falls and Blewett minimum releases Tne LIP must be inplemented begining at Sage 0 and. f ihe combination of candidens becomes more
and water withdrawals (stages >=1) and hydro peaking (stages >= 0) Staga___ih Rock HWEL < NVE minus 0.5 NO
OR Bigh Rock HWEL < NME minus 0 AND  US Drought Monitor =>0 NO
igh Rock HWEL < NME minus 0 AND  Average Inflow < 0.48 NO
* Drought monitor based on national product (available Stage 1. High Rock HWEL < NME minud 1 AND | US Drought Menitor == 1 NO
) ) . B OR High Reck HWEL < NME minug 1 AND JAverage [nflow < 0.41 NO
since 2000), potentially refined for regional use Stage:  Pigh Rock HWEL <NAIE mious 2 AND US DroughtMonikr =>2  NO
OR High Rock HWEL < NME minus 2 AND  Average Inflow < 0L35 WO
* DMAG to review every 5 years per license conditions 0 3 o8t oo Rack HWEL <NME minue 3 AND ~ Averscs Inlow <030 4O
as it relates to drought monitor (national VS. regional), Stage 4:  High Rock HWEL = % of NME minus CRWE AND US Drought Monitor == 4 NO
. . OR High Rock HWEL < % of NME minus CRWE AND  Average Inflow = 0.30 NO
gaging estimates and long-term averages, and Evaluation Criteria for Recovers (i Lip Stace # Stage .1
prO pO rtional d raWd OWﬂ Of rese rVOi rS Recovery from this LIP will be iggered by any of the three following conditions:

« Condition 1: If all three triggers associated with a lower numbered LIP Stage are met on the
first of the month, the LIP recovery will be a general reversal of the staged approach on the
first of each month.

OR

+ Condition 22 If High Rock Reservoir water elevations return to at or above the NME PLUS 25
1L, the LIP will be discontinued immediately.
OR

+ Condition 3: If High Rock Reservoir water elevations return to at or above the NME for 2
consecutive weeks, the LIP will be discontinued immediately.

http://cubecarolinas.com/wp-content/uploads/2019/12/2019-12-December-Check.pdf




LIP (End of Month Assessment) — Matching HR Historic Elevation

| _Vadkin_PeeDes_Lumber_Nov_ E 9 db [ell@]=]
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LIP Trigger Level Components

TEST_MATCH_HR_ELEV_CUBE_DROUGHT_MONITOR

Actual LIP levels:

Sep and Oct 2007: 2

Jul and Aug 2008: 0
and 1, respect.

Feb 2011: 0
Sep 2011: 0
Nov 2012: 0

Oct and Nov 2014: 0
(due to maintenance)

i Oct 2015: 0
Both >=1 for Trig 1

0.41 for Trig 1

2607 3608 5000 2010 3011 5012 3013 2014 2015 2016 2017 2018 2019 2020

Year Large drawdown in 2014 due to maintenance

—— Drought Monitor (3-Month Avg, Max) — High Rock Below NME

High Rock operations post-2007 LIP issuance may have differed from post-2017 license issuance.
iming of triggers might be offset by a month depending on when calculation is made.
Drought monitor 3-month average may differ from Cube’s calculations (starting Feb 2007); Cube’s used here except later when showing 2000 to 2007.




Impact of Drought Monitor

_21007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

— Without Monitor
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LIP - Simulation
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2607~ 2008 2009 2010 2017 3012 2013 2014 2015 2016 2017 ~ 2018 2019 2020
Year
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— Drought Monitor (3-Month Avg, Max) — High Rock Below NME
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LIP — Simulation (With and Without Monitor)

) Plot Window - [C\Work from_HL\Work\OASIS_Yedkin PecDee Lumber Nov 2020\Plots\smulation\ LP_Tngger Componentemal ==

LIP Trigger Level Components

_21007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

— Without Monitor
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LIP Simulation Back to 2000

LIP Trigger Level Components

Final_18_| Nov 2020

Both >=1 for Trig 1

0.41 for Trig 1

ity

_21000 201)1' 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2(')‘12 2013 20‘14 20‘15 2016 20l1'7 3018 2019 2020
Year

— Drought Monitor (3-Month Avg, Max) — High Rock Below NME
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LIP — Simulation (With and Without Monitor)

& ee_Lumber_Nov_2020\Plots\simulation\LIP

LIP Trigger Level Components

il
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— Without Monitor

Hazen



Impact of LIP on Flows

Falls Releases

5000719 3
4750811
4500811 |
425081 {1
A000%®:-- 1411
37503
35003
3250
30004183111
2500% 1|1
20004 “{H UL ma B e L - L BILE .. A . B Normal = 2000 cfs (Feb 1 — May 15)
1500% -1 o - — — . Normal = 1500 cfs (May 16— 31)
12505115 | 1 1 : ol ot | | 1 5 |
1000 - - : : — S s : : — - : : Normal = 1000 cfs (rest of year)
750

500
250

2%00 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

— With LIP

Flow (cfs)

LIP on is with the drought monitor; No LIP also includes no utility WSRPs on — all set by switch in constants table (drought plans on or off)
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Impact of LIP on Flows
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Blewett Releases

9000
8000

7000

6000

5000

4000

3000
) Normal = 2400 cfs (Feb 1 — May 15)

20007
Normal = 1800 cfs (May 16 —31)

1000 Normal = 1200 cfs (rest of year)

2%00 2001 2062 2003 2004 2005 2006 2007 20b8 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

— With LIP
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Impact of LIP on Storage

d rie |_HL\Work\OASIS_Vadkin_PeeDee Lumber_No

Yadkin Project Combined Storage
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Impact of LIP on Storage
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Yadkin-Pee Dee Project Combined Storage
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